Abstract. The paper examines the possible relationship of anomalous variations of different atmospheric and ionospheric parameters observed around the time of a strong earthquake (M w 7.8) which occurred in Mexico (state of Colima) on 21 January 2003. These variations are interpreted within the framework of the developed model of the Lithosphere-Atmosphere-Ionosphere coupling. The main attention is focused on the processes in the near ground layer of the atmosphere involving the ionization of air by radon, the water molecules' attachment to the formed ions, and the corresponding changes in the latent heat. Model considerations are supported by experimental measurements showing the local diminution of air humidity one week prior to the earthquake, accompanied by the anomalous thermal infrared (TIR) signals and surface latent heat flux (SLHF) and anomalous variations of the total electron content (TEC) registered over the epicenter of the impending earthquake three days prior to the main earthquake event. Statistical processing of the data of the GPS receivers network, together with various other atmospheric parameters demonstrate the possibility of an early warning of an impending strong earthquake.
Introduction
The 2003 Colima (Tecoman) earthquake occurred near the junction of three tectonic plates: the North American plate to the northeast, the Rivera plate to the northwest, and the Cocos plate to the south. Both the Rivera and the Cocos plates are being subducted beneath the North American plate (Bandy et al., 2000) . A tectonic configuration is shown in Fig. 1a . The earthquake occurred in a seismic gap region located in between the rupture zones of the Manzanillo earthquake (M w 8.0) of 1995 and the Colima 1973 earthquake (M w 7.6) (see Fig. 1b ) . According to the US Geological Survey's National Earthquake Information Center (NEIC), the earthquake struck at 8:06 p.m. on Tuesday evening (local time). Table 1 shows the different locations of the hypocenter and focal mechanisms given by various agencies. According to EERI (Earthquake Engineering Research Institute) Special Earthquake (http://www.eeri. org/lfe/pdf/mexico colima EERI preliminary.pdf), 21 people lost their lives, more than 500 were injured and 13 493 residential buildings were damaged.
Recent studies have clearly demonstrated the existence of anomalous variations within the ionosphere over the epicentral zone several days prior to the earthquake events (Pulinets, 1998; Liu et al., 2000; . It has been proved statistically that anomalous variations in the ionosphere appear within the time interval 1-5 days prior to the earthquake events (Liu et al., 2004) . The conclusion on the lead time of the ionospheric anomalies, of the order of 5 days, was supported by the empirical results obtained
Published by Copernicus GmbH on behalf of the European Geosciences Union. 836 S. A. Pulinets et al.: Anomalies around the time of the Colima M7.8 earthquake Ann. Geophys., 24, 835-849, 2006 www.ann-geophys.net/24/835/2006/ by three different techniques of the ionosphere monitoring: ground-based vertical sounding, vertical sounding from onboard satellites, and GPS TEC technique (Pulinets and Boyarchuk, 2004) . In the present study, we have made efforts to analyze the GPS TEC to study the possible association of the ionospheric anomaly with this earthquake event. Data of 5 continuous GPS receivers of INEGI (National Institute of Statistics, Geography and Informatics) network have been analyzed. Dey and Singh (2003) reported the anomalous variations of the surface latent heat flux (SLHF) for the Colima earthquake. In the present paper we extended the studies of the thermal effects associated with the Colima earthquake, including the analysis of ground-based measurements of the air temperature and relative humidity, as well as the remote sensing data of the MODIS IR sensor from Terra and Aqua satellites.
The temperature increase up to 5 • C prior to the earthquakes which occurred in Italy, Japan and China was recently observed by Tramutoli et al. (2001) and Tronin et al. (2002) . Ouzounov and Freund (2004) have analyzed MODIS data of the Gujarat earthquake in India (M7.7, 26 January 2001) and have found an increase in the land surface temperature and a lowering of the sea surface temperature adjacent to the active tectonic fault. Tramutoli et al. (2005) improved their technique of 2001 and applied it for an analysis of thermal anomalies before the Izmit earthquake in Turkey (M7.4, 19 August 1999) .
In this paper, we present the ground measurements of air temperature and relative humidity in the vicinity of the epicenter and also all over Mexico, to study possible irregularities, as well as the satellite measurements of the surface temperature from MODIS, Surface Latent Heat Flux (SLHF) variations and GPS TEC measurements for the set of continuous GPS receivers in Mexico. We also discuss the special technique of GPS data processing which can possibly be used for short-term earthquake prediction. The complementary nature of various anomalies observed on the ground, in the atmosphere and ionosphere are discussed and their joint use show a great potential for early warning of earthquakes.
Geographic positions of epicenters determined by USGS and SSN, INEGI GPS receivers and the meteorological stations of Colima, Manzanillo and Cuernavaca are shown in Fig. 5 .
Experimental data
Numerous types of ground, atmospheric, meteorological, atmospheric and ionospheric data prior to and after the Colima earthquake have been collected. These data sets are discussed in the following sections.
Air temperature and relative humidity
Variations of air temperature and relative humidity in Colima city (19.22 N, 103.7 W) in January 2003 are shown in Fig. 2 . The relative humidity has been computed from due point data using the following equations (Sedunov et al., 1997 ):
where Tc and Tdc are the current temperature and current due point temperature, respectively. The relative humidity is calculated as the relation of vapor pressure and saturated vapor pressure
This is a standard procedure widely used in meteorology. Looking at the temperature variations one can clearly see that on 14, 15, and 20 January the daily temperatures are well above the standard deviation and days 14 and 15 are absolute temperature maxima for the whole month. We can conclude that in January 2003 these days can be regarded as anomalous.
At the bottom part of Fig. 2 is observed which is well below the standard deviation, and it drops lower than 20%, which is an extremely low value. Such drops in relative humidity usually are accompanied by an increase in the daily range of the air temperature variations. Pulinets et al. (2006) have demonstrated for several recent important earthquakes that the daily temperature range have a similar pattern for all cases considered. The maximum of the daily temperature range usually is observed one week -5 days before the seismic shock. Daily temperature range variations for Colima station are shown in Fig. 3 . Here we can observe the maximum of the daily range 6 days before the seismic shock, which is close in time to the observed air relative humidity minimum. The variations of air temperature and relative humidity at Manznillo (which is at the same distance from epicenter as Colima) are very similar to Colima; due to poor quality we do not show them here.
The observed increase in the temperature, daily temperature range and relative humidity drop is found to be local, since the air temperature and relative humidity at Cuernavaca (18.92 N, 99.25 W) , which is at the same latitude as Colima but 5 degrees to the east (Fig. 4) , does not show any significant variations prior to the earthquake, except a temperature increase immediately after the earthquake which may be the thermal wave propagating from the epicentral area. We also do not see any relative humidity drop before the earthquake, as it is observed close to the epicenter.
The locality of the thermal effect is also clearly seen in Fig. 5 , where the maximum daily temperature distribution over Mexico on 14 January 2003 is shown using data from all country automatic meteorological observatories. Taking into account the altitude relief of Mexico, the temperature measurements were reduced to sea level. The maximum temperature anomaly is found over the epicenter of the impending earthquake. The temperature increase along the active tectonic fault is also found, which is similar to the results of Ouzounov and Freund (2004) and Tramutoli et al. (2005) .
We have analyzed multi-year monthly surface temperature data. Figure 6 shows the mean monthly temperature a maximum temperature is observed in the last 50 years. The observed temperature increase is well above the 2σ upper bound, which demonstrates its true anomalous character. The anomalous temperature peak on the time intervals of 30-50 years for the mean monthly temperature of the month of the earthquake within the area of preparation of the strong earthquake was reported earlier by Mil'kis (1986) for the major earthquakes in Central Asia. On the basis of ground temperature and relative humidity variations, one can make the following conclusions:
-The daytime temperature at Colima and Manzanillo is found to be maximum one week prior to the earthquake event of 14 January 2003.
-The range of daily temperature variations is found to be maximum during 14 January 2003.
-The mean monthly temperature at Manzanillo for the month of January is found to be an absolute maximum in 2003 compared to the period during 1954-2004.
-The relative humidity at Colima and Manzanillo for 14-15 January 2003 is found to be an absolute minimum in January 2003.
-The spatial distribution of the air temperature over Mexico one week before the seismic shock shows anomalously high temperatures over the epicenter and along the active tectonic fault.
TIR satellite measurements of the surface temperature
The data of MODIS (MODerate-resolution Imaging Spectroradiometer) on board the Terra and Aqua satellites are analyzed for the period around the time of the Colima earthquake. The satellites have a circular (705 km) solar synchronized orbit with daytime (near 10:00 LT) and nighttime (near 22:00 LT) passes and register the IR emission in different frequency bands. Using nighttime and daytime emissions from the Earth's surface, we have analyzed the Land Surface Temperature (LST) data over 90 days by means of the 11-to 12-µm emissivity ratio covering an area of 50×50 km. To make the thermal anomaly more evident we demonstrate the data as a running average difference between the temperatures measured during the period from 1 The ground air nighttime temperature at Colima (orange curve) supports earlier presented results on the mean January temperature (Fig. 6) , demonstrating the nighttime difference up to 10 • C on 15 January between 2003 and 2004, as well as the temporal evolution of the temperature presented in Fig. 3 .
We also should mark the propagation direction of the anomaly staring from the ground surface (satellite measurements) and developing 1-2 days later in the boundary layer of the atmosphere (ground air Colima measurements).
2.3 The variations of the Surface Latent Heat Flux (SLHF) Dey and Singh (2003) have found an anomalous surface latent heat flux associated with coastal earthquakes up to 20 days prior to the earthquake. They found that the SLHF anomaly could be a potential precursor in providing early information about an impending coastal earthquake. Cervone et al. (2004) have developed a wavelet analysis approach for identifying maxima peaks associated with an impending earthquake and demonstrating the atmospheric disturbances. They further demonstrated that their methodology works well with the Indian coastal earthquakes (Cervone et al., 2005) .
The SHLF data set is represented by a Gaussian grid of 94 lines from the equator to pole, with a regular 1. Six years of SLHF data for the Colima region were analyzed. Details of SLHF data sources and processing are given by Cervone et al. (2004) . Wavelet maxima curves have been used to identify singularities in the data, or times of sharp changes in the first derivative of a function (Cervone et al., 2004) . This technique is advantageous for identifying peaks in a time series, while filtering out high frequency noise and low frequency seasonal and interannual effects. 5-year (1998-2002) average, and dividing by the standard deviation. The normalization is done to identify anomalies or times where peaks are considerably above the normal fluctuation of the data. Prominent anomalies higher than 3σ are found within the time interval between 3 and 5 days prior to the earthquake event. Figures 8a and b show, respectively, the SLHF anomalies for 18 and 20 January 2003. The strongest anomalies are detected at and around the epicentral area, mainly confined within 400 km of the epicenter. Figure 9 shows the wavelet transformation and the resulting maxima curves performed for the grid where the highest anomaly is found, immediately south of the epicenter, over the ocean. Several peaks are identified throughout the year, seven of which are above the 2σ significance line. The highest peak occurs three days prior to the earthquake event, which is likely to be associated with the earthquake preparatory process. Several other prominent and statistically significant peaks are observed at the same time or within a 1-day delay over other grids lying on the continental boundary. Such anomalies exhibit a rigorous geometrical continuity in both space and time which can help to discriminate between signals associated with earthquakes from signals due to other phenomena (Cervone, 2004) . The other peaks which show above 2σ significance lines are likely to be associated with atmospheric perturbations.
GPS TEC data analysis
To detect ionospheric variations associated with the Colima earthquake, the data of 5 INEGI permanent GPS receivers are used (Table 2 ). For every station the time series of the vertical TEC (VTEC) and monthly mean (M) are computed. The VTEC is computed using a technique described in Ciraolo and Spalla (1997) , and then the percentage deviation: TEC (%)=100·(VTEC−M)/M for January 2003 is computed. For better temporal resolution in the graph the time series for Colima receiver (closest to the epicenter) is presented in Fig. 10 for only several days in January around the time of the Colima earthquake. The dots indicate the current measurements, the back continues line -the monthly median, and the grey lines show the M -σ and M + σ lower and upper bounds. One can see that the VTEC exceeds the upper bound on 18 and 19 January, which can serve as an indicator of anomalous variations. To check if the observed variations are really local and are connected with the earthquake preparation process, a map of VTEC spatial distribution was created using the data of 5 receivers from Table 2 . The time of the peak on 18 January (10:10 LT) was selected for the map construction. Using the spatial interpolation with the Kriging technique (Oliver and Webster, 1990) , the map of the TEC deviation from the monthly mean was build and is presented in Fig. 11 . It clearly shows the local character of the observed anomaly and its close proximity to the impending earthquake epicenter. This anomalous deviation can be interpreted as a short-term precursor of the Colima earthquake, appearing more than three days before the earthquake (82 h before). The abnormality of the 10:10 LT peak on 18 January is determined not only by formal deviation from the monthly mean but from the morphology of the equatorial anomaly behavior in local time, which is discussed in Pulinets et al. (2005) .
Another technique is applied to the GPS TEC data where the locality of the ionospheric precursor is used (Pulinets et al., 2004). It implies that around the time of the seismic shock the character of the ionosphere variability is different in the ionosphere over the epicenter than over the remote station, which leads to the drop in the cross-correlation coefficient between them. This technique is checked for many earthquakes, including the Colima earthquake, and for the last earthquake the results of the calculation are presented in Fig. 12 .
The COL2 receiver, closest to the epicenter, could be used as a "sensor" station but due to the power break after the earthquakes it stopped its operation for one day. In the absence of near station data, we have used the Toluca receiver, TOL2, as a "sensor". Figure 12 shows the crosscorrelation coefficients for the pairs (from top to bottom) Toluca-Culiacan, Toluca-Aguascalients and AguascalientsCuliacan. One can see the drop in the correlation coefficient 5-day earthquake event in the two upper panels (Fig. 12) and practically no drops in the lower one. This means that the ionosphere over Toluca, which is closer to the epicenter, is more variable several days prior to the earthquake event . The maximum of the local variability is reached between 17 and 18 January. The ionospheric variations over Aguascalientes and Culiacan are almost synchronous, which gives the high value of the daily cross-correlation coefficient (bottom panel of Fig. 12 ). So the locality of the ionospheric variations associated with the earthquake preparation process is used for their identification.
Physical explanation of the observed thermal and ionospheric anomalies
3.1 Natural radioactivity -the source of the variations in atmosphere electricity and latent heat
The changes in the near ground air electricity as a result of natural radioactivity were studied as early as in 60-th (Bricard, 1965) . It happens due to air ionization by radon (and its progeny products) emanating from the Earth's crust as a primary process, and due to changes in the air conductivity through the formation of large ion clusters. Formation of such clusters was demonstrated by Bricard et al. (1968) under laboratory conditions by injecting of thoron (one of the radon isotopes) into pure air. The natural ionization is inherent to our environment, and natural radioactivity plays an important role in the formation of atmospheric aerosols (Wilding and Harrison, 2005) . Formation of aerosols happens due to water molecule attachment to newly formed ions. This process simultaneously changes the parameters of atmospheric electricity, as well as the air temperature and relative humidity (Toutain and Baubron, 1998; Prasad et al., 2005) . A detailed description of all plasmachemical processes resulting from ionization can be find in Boyarchuk et al. (2005 (Pulinets and Boyarchuk, 2004) . As a result of fast ion-molecular reactions during an interval of the order of 10 −7 s the main elementary tropospheric ions will be formed:
The concentration of electrons is so insignificant that they can be neglected. The large amount of water vapor molecules contained in the troposphere (∼10 17 cm −3 ), having a noticeable dipole moment p=1.87 D, leads to hydration of elementary ions and the formation of ion complexes of a type NO
) n which happens rather fast. We should mention here that the hydration process does not depend on the relative air humidity; it takes place under any conditions. It is estimated that the ion concentration in the area of the earthquake preparation can reach 10 5 -10 6 cm −3 , which essentially changes the electric properties of the near ground layer of the atmosphere. The consequence of this process is the change in the air conductivity which creates the possibility of the anomalous electric field generation. As a result of the local changes in the atmosphere electricity the local changes of the electron concentration variability are induced in the ionosphere, which can be registered by different techniques of the ionosphere monitoring.
The chemical changes in the near ground layer of the atmosphere have one more important consequence: the attachment of the water molecules to the newly formed ions. In the sense of an energy state of the water molecule, the process of attachment to an ion is equivalent to the process of water vapor condensation. It is well known that the condensation process is accompanied by a release of the latent heat of evaporation. The effectiveness of this process is ∼800-900 cal/g. But the difference from the pure water molecules' condensation is that the attachment process does not depend on the air humidity: it takes place under any level of humidity and doesn't need the condition of saturation. The final result, which is expressed in terms of changes in the relative humidity and the heat released, will depend on the ionization effectiveness and on the number of water molecules attached to the newly formed ions. Theoretical calculations (Boyarchuk et al., 2005) and experimental measurements (Wilding and Harrison, 2005) show that more than 100 water molecules can be attached to one ion.
In the thermal radiative balance of the atmosphere (total radiative heat budget is ∼185 W/m 2 ), the latent heat of the water evaporation is very significant (∼88 W/m 2 ). It means that by changing the latent heat balance the air temperature can be significantly changed. During the occurence of water condensation on ions, the large number of the water molecules can be attached to the ion. This means that the ion cluster grows to some critical mass m max . The heat deposit w is equal to:
where U 0 is the specific heat of evaporation. If the ionization source produces the ions with the velocity dN/dt, the heat deposited into the atmosphere can be expressed as (Pokhmelnykh, 2003) :
Each α-particle emitted by 222 Rn, with the average energy of E α =6 MeV, can produce theoretically about 2.73·10 5 electron-ion pairs. The radon concentration in the air can vary in different geophysical conditions. One can find correspondent values for Mexico in Segovia et al. (2005, Table 1) . Even under normal conditions we can expect the radon concentration on the ground level to be 100-300 Bq/m 3 , which gives the rate of ionization of 30-90 cm −3 s −1 . We will use these estimates for calculations of the air humidity changes under the action of radon ionization. The final consideration asks whether the changes in the atmospheric electricity are under the action of natural ionization. Roble and Tzur (1986) show an increase in the atmospheric electric field under the presence of aerosols. Prasad et al. (2005) demonstrate the changes in the air conductivity under the action of radon ionization. Pulinets et al. (2000) make the model calculations of the atmospheric electric field changes in the presence of the flux of aerosols, showing an essential increase in the electric field. Under excess of the positive ions the model calculations show the possibility of the reversed direction of the atmospheric electric field in comparison with the natural direction.
Summarizing the effects of natural ionization on the boundary layer of the atmosphere we can expect the changes in the relative air humidity (diminishing), air temperature (increase), and atmospheric electric field (increase or reversed).
3.2 Atmosphere modification before earthquakes Toutain and Baubron (1998) in their comprehensive review report the increase of radon concentration up to 1200% (see Table 1 in the cited paper). Inan et al. (2005) demonstrates the radon concentration increase up to 3 times in comparison with the background leveling Turkey. This value seems reasonable for our estimations. It means that we can expect by using the Mexican data of radon measurements a radon concentration on the ground level of 300-400 Bq/m 3 , which is equivalent to the ionization rate of 90-100 cm −3 s −1 .
It should be noted that the ionization itself does not produce energy for the air temperature rise; it only produces the ions as the centers of water condensation. The energy is already stored in water vapor and ionization only helps to release the stored heat. Taking into account that the ionization anomalies take place within the large areas of the earthquake preparation zone, the effects of the meteorological scale can be caused by a comparatively small increase in the air ionization. Mil'kis (1986) demonstrates the thermal anomalies before a strong earthquake in Central Asia within the areas of the order of 400 000 km 2 . Ouzounov and Freund (2004) , using IR satellite images, demonstrate the dynamics of the temperature increase over the huge system of active tectonic faults before the Gujarat (M7.8) earthquake of 26 January 2001.
We should emphasise that the water molecules' attachment to ions is not equivalent to the pure water condensation. It has a different velocity of the ionization/evaporation from that of pure water, due to the changes in the chemical potential. Evaporation and condensation are the phase transitions of the first order. The phase transition happens under chemical potential equality. For the one-component system the chemical potential is equal to the thermodynamic potential related to the one particle. This means that the latent evaporation heat U is equal to the Gibbs chemical potential of the molecule in the water drop. At the same time the evaporation latent heat is equal to the work function, which, in turn, is equal to the energy of the dipole-dipole interaction at the distance r=2.46Å, which is a water molecule radius. Under the action of radiation the newly formed ions enter the chain of plasmachemical reactions, leading to the complex ion cluster formation. These clusters become the centers of condensation but with other work function and other chemical potential. The changes in the chemical potential were taken into account in calculations of relative humidity:
U (t)=U 0 + U·cos 2 t, U -is the chemical potential correction as a result of external impact. The detailed calculations of the water vapor number in the air were made using the complete kinetic model of the air by taking into account all the possible components shown in Table 3 . For calculations of the chemical potential (and correspondent relative humidity) variations, 3 levels of the ionization rate were used: 4.5, 9 and 90 cm −3 s −1 . They give the chemical potential changes U=0.019; 0.022 and 0.03 eV, respectively. The results of the model calculation of the relative humidity changes are presented in Fig. 13 . One can see that for the maximum ionization rate the relative humidity can change from 100% up to less than 30% during 10 h. Taking into account that the radon semi-decay period is 3.8 days, the single intensive radon release is sufficient to produce significant changes in the relative air humidity.
The selected levels of the ionization rate look quite reasonable and give the values of the relative humidity measured at the Colima station (Fig. 14) . The blue line represents the reversed value of the experimentally measured relative humidity at the Colima station, and the red line is the reversed Toutain and Baubron (1998) after an analysis of close to 170 publications on the geochemical precursors of earthquakes have demonstrated that the spatial distribution of radon anomalies follows the Dobrovolsky et al. (1979) dependence on the earthquake magnitude: lgR=0.43 M, where R is the radius where the radon anomalies are observed, and M is the earthquake magnitude. This means that for the M7.6 earthquake the radius R will be more than 1800 km. As it was shown earlier, the radon anomalies will produce the anomalies of the atmospheric electric field. As it was shown by Pulinets et al. (2000) and Pulinets and Boyarchuk (2004) such a large-scale anomaly of the atmospheric electric field will produce the anomaly of electron concentration within the ionosphere. Ionospheric measurements presented in Figs. 10-12 confirm the presence of the ionospheric anomaly before the Colima earthquake.
Discussion
Different and independent data sources were used for analysis of the atmosphere and ionosphere variations around the time of the Colima M7.8 earthquake in Mexico on 21 January 2003. Their appearance and temporal evolution are synchronized in time and demonstrate a similar spatial distribution.
Following the presented physical mechanism and using the collected experimental data one can try to reconstruct the possible evolution of the atmosphere-ionosphere anomalies preceding the Colima earthquake. From the end of December 2003 the nighttime surface temperature increases in the area of the earthquake preparation (Fig. 7, red curve) . One can associate this anomaly with the start of the possible radon anomaly (the heating starts in the surface ground layer). Then the radon appears in the near surface layer of the atmosphere and heating becomes noticeable in the daytime records of MODIS (from the first days of January 2003) and in the records of the local meteorological observatories (Fig. 7, orange curve) , which manifests the local increase in the air temperature. The thermal air anomaly reaches its maximum at the middle of January, which is accompanied by the absolute monthly minimum of the relative air humidity. We should emphasise that the humidity drop can be produced only by the proposed mechanism of ionization. In the case of the heat coming from the underground, as proposed in some publications, the humidity should not drop but grow due to evaporation from the ground surface. The locality of the thermal anomaly and its close connection with the epicenter position of the impending earthquake is confirmed by the spatial temperature distribution on 14 January presented in Fig. 5 . None of the possible meteorological processes can provide such a distribution of the ground air temperature. Recovery of the normal level of the air humidity after 15 January manifests the end of the radon anomaly (taking into account the semi-decay period of radon, it probably finished a few days earlier). The technology of the calculation of the SLHF derived from the satellite measurements (Schulz et al., 1997) shows that the main contribution to the SLHF makes the increased humidity (which we observe in our data). This is why the anomalous fluxes of the SLHF are observed on 18 and 20 January (see Fig. 8 ). As it was shown by Pulinets and Boyarchuk (2004) and Boyarchuk et al. (2005) , in the final stage of the ionization process, the large neutral clusters are formed as a result of Coulomb interaction between the clusters with positive and negative charges. After the end of the increased ionization they start to disrupt and a sharp increase in the charged particles leads to generation of the anomalous electric field practically simultaneously with the increase in the SLHF. This is why we observe the ionospheric anomaly at the same day as the SLHF anomaly, i.e. 18 January.
The lack of direct radon measurements around the time of the Colima earthquake puts forward a problem of organization of the regular radon monitoring at the Pacific coast of Mexico, due to the importance of this parameter in the presented model, and for the future detection of the possible precursory variations.
Conclusion
The complex analysis of the ground-based and satellite measurement data around the time of the Colima earthquake demonstrated that the observed variations of the atmosphere and ionosphere parameters have a common cause -the air ionization by radon. To improve the proposed model a more detailed and comprehensive set of ground-based and satellite measurements is necessary to check every element in the regarded chain of physical and chemical processes involved in the model of Lithosphere-Atmosphere-Ionosphere coupling.
